Using ion beam implantation of erbium a silica micro-disk laser on silicon chip is demonstrated. A clear transition of spontaneous emission to stimulated emission is observed, with threshold powers of less than 40 micro-Watts. Erbium ions embedded in silica provide gain in the 1.55 micron range. However, due to the small absorption cross section of erbium (of only 10 -21 cm 2 ) population inversion of erbium-doped glasses require high pump intensities, or equivalently low loss microcavities for lasing operation. Here we demonstrate for the first time lasing in silica micro-disks on a silicon wafer. By controlling of both the Er-ion distribution, as well as the mode distribution high Q silica microdisk 1 could be achieved, with simultaneously excellent modal overlap with the erbium ions. Control of the Erbium ions was achieved by using ion-implantation of an oxidized silicon wafer. The oxide thickness was 1 micron, and the implantation energy was chosen, as to obtain the center of the erbium distribution at 500 nm depths. This depth corresponds -as will be described below -to the center of the optical cavity lasing modes. A total of 1.2x10 15 ions per square-cm were implanted. Under condition of optimal coupling, lasing under these Er implantation conditions requires intrinsic cavity losses of less than ca. 0.03 dB per cm, equating to an intrinsic quality factor Q of >2 million. These quality factors are readily available in toroidal micro-cavities 2 or silica microspheres, which use a laser assisted reflow process to create ultra-high Q cavities. Using this method Erbium microdisk lasers were first demonstrated 3,4 .
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Figure 2. Right image: A scanning electron micrograph image of a 60-micron diameter silica micro-disk cavity on a silicon wafer. The wedge shaped cavity boundary is intentionally induced during the fabrication using a hydrofluoric etch. Left image: A finite-element simulation of the fundamental whispering gallery mode in a microdisk cavity as a function of the wedge angle. As can be evidenced in the simulation an progressive increase in the cavity boundary angle leads to radial shift towards the interior region of the micro-disk and thereby isolating the mode from the cavity boundary.
Here, we explore a different route and use engineering of the cavity mode to reduce scattering losses and to increase the intrinsic Q-factor. The method which is used here has been reported previously 1 and only involves CMOS compatible fabrication steps. Fabrication of undoped silica microdisk cavities, using this process has yielded structures exhibiting whispering-gallery-type modes having quality factors (Q) in excess of 10 million. The observed high Q is attributed to the wedged-shaped edge of the disk microcavity, which is believed to isolate modes from the disk perimeter and thereby reduce scattering losses 1 . This method was successfully employed to the erbium implanted oxidized silicon wafers. The micro-disk cavities had a diameter of 60 micron, and a wedge angle of approximately 70 degree to the surface normal (compare Figure  1) . The Q-factors at 1450 nm were observed to be in excess of 1 million, consistent with erbium absorption in this wavelength band. a2497_1.pdf CFI1.pdf The sub-threshold spectrum of transmission past the erbium doped microdisk, when the cavity is pumped using a 1450-nm laser. Several whispering-gallery-modes can be evidenced, spaced with the free spectral range of the cavity. The luminescence maximum coincides with the peak of the erbium emission. Lower graph: The abovethreshold spectrum in the presence of the 1450-nm pump. The non-lasing modes are more than 15 dB suppressed in comparison with the lasing mode. The microcavities were directly coupled to a tapered optical fiber 5 and a single-frequency tunable external-cavity diode laser operating around 1450 nm was used to pump the 4 I15/2→ 4 I13/2 transition in erbium. Upon pumping at 1450 nm the transmission in the fiber exhibited several peaks throughout the erbium emission band (separated by the cavity free spectral range) clearly demonstrating that the erbium ions were coupled to the pump-mode. Upon increase in pump power a gradual transition was observed from spontaneous emission to stimulated emission, as shown in Figure 2 . This change was accompanied by an increase in differential slope efficiency for the lasing mode. Non-lasing modes did not show this transition. From linear interpolation the threshold was estimated to be 35 micro Watts. Furthermore a gradual transition from spontaneous to stimulated emission was observed, demonstrating that a significant fraction of the spontaneous emission is coupled into the lasing mode. Over the reported range of pump powers, the emission was furthermore observed to be single mode. In summary, our results demonstrate that erbium microlasers in silica on silicon can be fabricated with CMOS compatible fabrication techniques, and without relying on surface-tensioned induced microcavities. Moreover precise control over the erbium ion distribution as well as the modal distribution is demonstrated. 
